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1.0  INTRODUCTION 


Earlier  work  (Ref.  1)  has  shown  that  metal  oxide  varistors  (MOVs)  undergo 
polarization  from  the  initial  transient  shunted  by  the  MOV.  This  is  evident 
from  the  change  in  the  initial  current-voltage  (I-V)  curves  as  a  function  of 
pulse  polarity.  Subsequent  data  analysis  presented  here  shows  the  effect  of 
this  form  of  degradation  on  the  current-voltage  curves  for  all  five  sizes  of 
varistors  tested  along  with  the  respective  degradation  of  alpha,  the  figure  of 
merit  for  the  degree  of  nonlinearity  of  the  MOV.  The  decrease  in  slope  of  the 
early  part  of  the  I-V  curve  shown  in  Figure  1  is  the  result  of  the  initial 
burn-in  of  the  device.  Further  clarification  of  the  effects  of  polarization 
is  developed  here. 

2.0  01 SCUSSION 

Recall  from  Reference  1  that  five  samples  of  five  types  of  MOVs  were  tested  by 
measuring  the  initial  I-V  curves  of  new  devices,  then  subjecting  each  varistor 
to  a  series  of  pulses  at  or  near  the  rated  energy  level  for  the  device. 

Initial  data  analysis  indicated  that  the  pulse  polarity  of  the  initial  tran¬ 
sient  was  an  important  factor  in  determining  the  amount  of  change  in  the  I-V 
curves.  Figures  1  through  22  show  the  initial  I-V  curves  compared  with  the 
I-V  curve  after  one  pulse  for  the  test  devices  as  a  function  of  device 
polarity.  The  pulsed  polarity  is  indicated  with  each  figure. 

Figures  1  through  5  show  I-V  characteristics  for  an  MOV  rated  at  0.13  J 
(Ref.  2),  with  a  nominal  clamping  voltage,  V^D^  equal  to  33  V  at  1.0  mA  DC. 
This  was  the  smallest  of  the  MOVs  tested.  Figure  1  shows  a  device  which  was 
pulsed  in  the  "positive"  direction  (the  initial  polarity  assignment  is 
arbitrary)  and  measured  in  both  the  positive  and  negative  directions.  The 
data  curve  for  the  negative  polarity  measured  after  one  pulse  is  somewhat 
lower  than  the  curve  for  the  positive  polarity  measured  after  one  pulse. 

Figure  2  shows  a  better  example  of  this  effect.  The  burn-in  (i.e.,  after  one 
pulse)  I-V  curve  opposite  to  the  pulsed  polarity  is  significantly  lower  than 
the  curve  measured  in  the  pulsed  polarity.  Error  bars  are  included.  Figures 
3,  4,  and  5  show  similar  results.  Note  that  the  apparent  polarization  is  in 
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the  early  part  of  the  curve  and  may  not  affect  the  final  clamping  voltage  at 
higher  currents.  The  curves  do  indicate  that  the  MOV  is  conducting  more 
current  after  burn-in,  and  corresondingly  more  power  is  dissipated  by  the 
device  at  lower  currents.  The  nonlinearity  of  the  MOV  has  been  decreased  by 
the  initial  pulse. 

Figures  6  through  10  show  I-V  characteristics  for  an  MOV  rated  at  8.8  J 
(Ref.  2),  with  a  nominal  clamping  voltage,  Vfsf( DC )  0 f  47  V  at  1.0  mA  DC.  Again 
the  results  are  consistent.  Figures  7  and  8  show  opposite  pulsed  polarities 
with  the  lowest  curves  being  measured  opposite  to  the  pulsed  polarities, 
indicating  the  greatest  amount  of  degradation  from  burn-in  in  the  polarity 
opposite  to  the  pulsed  polarity. 

Figures  11  through  14  show  I-V  characteristics  for  an  MOV  rated  at  140  J  with 

Vn(dc)  equal  to  430  V  at  1  mA  DC.  Figure  12  shows  the  only  curve  on  the  group 

with  significant  polarization.  Figures  11,  13,  and  14  are  consistent  with  the 
polarization  findings.  However,  the  lower  burn-in  curves  are  within  the  error 
bars  for  the  I-V  measurements.  So,  the  results  of  these  three  figures  are 
inconclusive. 

Figures  15  through  19  show  I-V  characteristics  for  an  MOV  rated  at  130  J 

(Ref.  2),  with  Vn(dc)  equal  to  390  V  at  1  mA  DC.  The  I-V  curves  for  Figures 

15,  17,  18,  and  19  show  familiar  results.  Figure  16  appears  to  have  an 
anomaly  in  the  initial  negative  curve.  The  negative  burn-in  curve,  however, 
is  the  lowest  curve  as  expected. 

Figures  20  through  22  show  I-V  characteristics  for  the  MOV  with  the  highest 
energy  rating  of  all  devices  tested.  This  device  was  rated  at  200  J  (Ref.  2), 
with  Vfl(gc)  equal  to  200  V  at  1  mA  DC.  These  energy  ratings  were  high  enough 
that  the  device  only  shows  degradation  in  the  form  of  polarization  in  the 
direction  opposite  to  pulsing.  The  burn-in  curve  for  the  pulsed  polarity  is 
essentially  unchanged.  Again  it  can  be  seen  that  all  curves  approach  the 
initial  I-V  curves,  indicating  that  the  polarization  is  most  pronounced  at 
early  times  and  lower  currents. 
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The  varistor  figure  of  merit,  alpha,  also  decreases  with  burn-in  and  as  a 
function  of  the  measured  polarity  relative  to  the  pulsed  polarity.  A  set  of 
alpha  curves  which  illustrates  the  effect  is  included  in  the  Appendix.  Note 
that  the  alpha  of  the  device  appears  to  increase  with  subsequent  pulsing  in  a 
significant  number  of  the  devices.  The  voltage  data  at  0.5  and  1.0  mA  were 
used  in  calculating  alpha.  This  may  be  a  result  of  the  device  "settling  down" 
with  subsequent  pulsing  as  the  dipolar  molecules  in  the  intergranular  matrix 
become  aligned.  However,  no  work  has  been  done  to  investigate  this  effect. 

3.0  CONCLUSIONS 

The  MOV  is  polarized  by  the  initial  burn-in  transient.  This  polarization  may 
result  in  a  slower  turn-on  time,  and  consequently,  a  larger  portion  of  the 
transient  reaching  the  critical  load  which  the  MOV  is  protecting.  This 
uncertainty  should  be  considered  when  selecting  an  MOV  for  a  particular  appli¬ 
cation.  The  amount  of  both  burn-in  degradation  and  polarization  is  a  function 
of  the  energy  in  the  burn-in  transient,  so  overdesign  should  insure  that  the 
MOV  will  not  shunt  a  transient  with  an  energy  rating  close  to  the  MOV  energy 
rating. 
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APPENDIX 


VARISTOR  ALPHA  DEGRADATION  CURVES 


The  curves  in  the  appendix  illustrate  the  degradation  of  the  varistor  figure 
of  merit,  alpha,  as  a  function  of  measured  polarity  for  a  given  pulsed 
polarity. 
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